There have been numerous retrospective studies in which the results of surgery with and without fusion have been reported. Turner, et al., [29] conducted a metaanalysis of 74 journal articles, published from 1966 to 1990, that met the inclusion criteria. On average, 64% of patients treated surgically for lumbar stenosis had a good to excellent outcome. After reviewing 47 articles in which patient outcome after lumbar spinal fusion was reported, the same authors [28] found no advantage to using fusion. On average, 68% of patients achieved a satisfactory outcome after fusion; however, the range was wide (16-95%) and the satisfactory outcome rate was lower in prospective than in retrospective studies.
By searching a computer on-line database (Medline; National Library of Medicine, Bethesda, MD) for English-language articles published from 1962 through 1996 containing data on outcomes of surgery, we found only seven prospective studies with follow-up times ranging from 6 months to 5 years and successful outcome rates ranging from 52 to 78% (Table 1 ).
The purpose of this prospective study was to evaluate long-term outcome in patients who underwent laminectomy for symptomatic lumbar stenosis. The duration of follow up in these cases ranged from 1 to 11 years.
CLINICAL MATERIAL AND METHODS
In January 1984 the senior author (M.J.J.) began a prospective study of all patients who were to undergo decompressive laminectomy for stenosis confirmed by computerized tomography (CT) myelography scanning and/or magnetic resonance (MR) imaging. Patients were asked to participate in this evaluation of surgical results by undergoing postoperative follow-up examination at 6 weeks and 6 months and by filling out a questionnaire at 1 year and another questionnaire later for evaluation of long-term results. Patients who had undergone previous surgery for stenosis were excluded. During a period lasting 11 years, 170 patients underwent surgery performed by the senior author. Of these patients, 83 had lumbar stenosis, 61 patients had lumbar stenosis with a herniated disc, and 23 patients had lateral recess stenosis. The patients' gender, age, height, and weight are shown in Table 2 . The presence of obesity was calculated according to criteria described in the Second National Health and Examination Survey. [30] By using these criteria, obesity exists if the patient's weight exceeds the 85th percentile for individuals with the same height. This cut-off point constitutes a body mass index of 27.8 in males and 27.3 in females. The body mass index is calculated by dividing the weight in kilograms by the height squared in meters. According to these criteria, 34.5% of the patients who had stenosis, (36.3% of the men and 32.5% of the women), 41.3% of the patients who had stenosis and a herniated disc (33.3% of the men and 54.5% of the women), and 30.4% of the patients who had lateral recess stenosis (21.4% of the men and 44.4% of the women) were obese.
Patients' Symptoms
Symptoms associated with lumbar stenosis included: back pain in 96.3% of patients, average duration 42 months; leg pain in 97.5% of patients, average duration 27 months; paresthesias in 79.5% of patients; and walking difficulty in 75.7% of patients. Symptoms associated with lumbar stenosis with herniated disc included: back pain in 100% of patients, average duration 79 months; leg pain in 98.3% of patients, average duration 30.8 months; paresthesias in 73.1% of patients; and walking difficulty in 57% of patients. Symptoms associated with lateral recess stenosis included: back pain in 100% of patients, average duration 38 months; leg pain in 95.7% of patients, average duration 21.5 months; paresthesias in 89.5% of patients; and walking difficulty in 55% of patients.
Clinical Signs
Abnormal signs found in patients with lumbar stenosis were: positive straight leg raising in 55%; sensory impairment in 51.2%; motor deficit in 35.7%; and reflex changes in 51.8% of the patients. Signs in patients who had lumbar stenosis and herniated disc included: positive straight leg raising in 84.2%; sensory impairment in 53.6%; motor deficit in 41.7%; and reflex changes in 36.7%. The signs apparent in patients who had lateral recess stenosis were: positive straight leg raising in 90%; sensory impairment in 63.6%; motor deficit in 52.2%; and reflex changes in 34.7%.
Diagnostic Studies
Initially, our choice of diagnostic study was CT myelography scanning, which was considered to be the gold standard at that time. With the advent of MR imaging, this procedure was used in the majority of patients, and CT myelography scanning was reserved for use when additional information was deemed of potential value. In patients who had lumbar stenosis, the percentages of these procedures that were used were: CT myelography scanning, 53%; MR imaging, 21.7%; CT scanning and MR imaging, 19.3%; and CT scanning, 6%. In patients with lumbar stenosis and herniated disc the percentages were: CT myelography scanning, 58%; MR imaging, 23%; CT myelography scanning and MR imaging, 17.5%; and CT scanning, 1.5%. In patients with lateral recess stenosis the percentages were: CT myelography scanning, 78.3%; and CT myelography scanning and MR imaging, 21.7%.
Surgical Technique
Bilateral laminectomy and medial facetectomy were performed in patients who had lumbar stenosis and in those who had lumbar stenosis with herniated disc. Fusion was performed in nine of 86 patients who had lumbar stenosis. In six of these patients, fusion was performed during the original operation because of the coexistence of degenerative spondylolisthesis (four patients with instrumentation and two patients without instrumentation). In three patients fusion was performed during the second operation (two patients with instrumentation and one patient without instrumentation). The average number of levels included in the laminectomy was 2.5 for lumbar stenosis and 2.16 for lumbar stenosis and herniated disc. The average length of stay was 6.5 days for patients with lumbar stenosis and 5.7 days for patients with lumbar stenosis and herniated disc.
Complications of Surgery
In one patient with lumbar stenosis, a dural tear occurred during the operation; this was sutured at the time of surgery. One patient with lumbar stenosis and herniated disc also suffered a dural tear that was sutured, and two patients had superficial infection, which was treated successfully in both patients.
Follow-Up Evaluation
The patients were examined at 6 weeks and 6 months postoperatively. A follow-up questionnaire was sent to the patients for a 1-year evaluation. In January 1996 an additional questionnaire was sent to all patients for a 1-to 11-year follow-up evaluation. The questionnaires were filled out and returned by 85.9% of the patients; 5.8% had died from unrelated diseases and 8.2% were lost to follow up.
Statistical Analysis
Percentages were compared using Fisher's exact two-tailed test, and times were compared using Wilcoxon's ranks sums test. Commercially available statistical software (SAS Institute Inc., Cary, NC) was used to perform all analyses.
RESULTS

Results at 6 Weeks
Successful results of surgery were achieved in 88.1% of the patients with lumbar stenosis, 80% of the patients with lumbar stenosis and disc herniation, and 58.7% of the patients with lateral recess stenosis. There was no statistically significant difference between results in patients with stenosis and those with stenosis with herniated disc. The success rate for patients with lateral recess stenosis was much lower and suggests a difference; however, the sample was not large enough to be statistically significant (Fig. 1  upper) . We have no explanation for this. Hypothetically, one may postulate that in lateral recess stenosis the nerve root may have experienced bone compression for a longer period of time, which may require more healing time for recovery. In some instances the root manipulation may be considerably more. It is also possible that a slight slippage caused the instability. 
Results at 6 Months
Successful results of surgery were achieved in 86.7% of patients with lumbar stenosis, 77.6% of patients with lumbar stenosis with herniated disc, and 63.6% of patients with lateral recess stenosis (Fig. 1  center) .
Results at 1 Year
Successful results of surgery for lumbar stenosis declined to 69.6% by 1 year postoperatively. This was statistically significant (p = 0.012) for cases of lumbar stenosis with disc herniation (77.2%) and cases of lateral recess stenosis (65.2%) (Fig. 1 lower) . There was no statistically significant difference at 1 year in the results between men and women or between obese and nonobese patients.
Results at Last Follow Up
The results of the last questionnaire sent at 1 to 11 years (average 5.1 years) showed the success rates for surgical correction to be 70.8% for stenosis, 66.6% for stenosis and herniated disc, and 63.6% for lateral recess stenosis (Fig. 2 ). There were no statistically significant differences between the results reported at 1 year and those reported at the last follow up (1-11 years) in patients with stenosis alone or those with stenosis and herniated disc. The results for six patients who underwent lumbar fusion during their original surgery for lumbar stenosis at 1 year were successful in five patients and treatment failure in one. The results for three patients who underwent fusion during the second operation were successful in two patients and treatment failure in one patient. At 1 to 11 years, the results in both groups were successful in five patients and failure in three patients; one patient died of an unrelated cause.
Additional Treatment After Surgery
who were surgically treated for lumbar stenosis and herniated disc, 14 patients were taking analgesic medications and two patients were receiving codeine. Of 22 patients who were surgically treated for lateral recess stenosis, eight patients were taking analgesic medications and two patients were taking codeine in addition.
Of the 170 patients who underwent surgery, 11 patients underwent a second operation. Four of these patients had lumbar stenosis with an average interval of 41.3 months between the two operations. At surgery, two patients had stenosis above the previous laminectomy level. Two needed decompressive laminectomy below the level previously treated as well as additional bone removal at levels of previous laminectomy. The results showed success in two patients and treatment failure in two patients.
Five patients whose original operation was for lumbar stenosis and herniated disc underwent reoperation, with an average interval of 34.9 months between the two procedures. At surgery, four of these patients had recurrent disc herniation and one patient had a herniated disc at another level. Two patients had successful results and three had treatment failures.
Two patients who underwent surgery for lateral recess stenosis required a second operation, with an average interval of 27 months between the procedures. At surgery, one patient had an extruded disc and one patient had scar and stenosis. Both patients had persistent symptoms including pain.
Patients' Assessments of Results of Surgery at 1 to 11 Years
The percentages of patients reporting improvements in back pain, leg pain, paresthesias, and walking are shown in Fig. 3 . In their responses to the questionnaire obtained at 1 to 11 years, patients rated how often they experienced back pain, leg pain, and paresthesias according to the following scale: none, rarely, sometimes, most times, and constant. The results are shown in Fig. 4 . Patients with lumbar stenosis reported an overall asymptomatic rate of 18% (Fig. 4 upper) ; the overall asymptomatic rates in patients with lumbar stenosis and herniated disc and in patients with lateral recess stenosis were 21% (Fig. 4 center) and 27% (Fig. 4 lower) , respectively. 
Pre-and Postoperative Employment
The incidence of employment postoperatively in patients who had been employed prior to surgery was as follows: 56.5% of patients with lumbar stenosis, 74% of patients with lumbar stenosis and herniated disc, and 42.8% of patients who were surgically treated for lateral recess stenosis. Figure 6 shows the response of patients to the question of whether, in retrospect, they would still choose surgery. 
Patient Satisfaction
DISCUSSION
Review of the Literature
In 1892 Von Bechtrew [33] reported on patients who had rigidity of the vertebral column and nerve root symptoms. In 1893 Lane [20] reported on a patient who had cauda equina syndrome with difficulty in walking and who underwent L-5 decompressive laminectomy for lumbar stenosis. In 1900 Sachs and Frankel [25] performed a two-level laminectomy in a patient who had back pain and neurogenic claudication, relieving the patient's leg pain. In 1911 Bailey and Casamajor [3] published a paper on osteoarthritis of the spine and compression of the spinal cord and its roots. In the same year Dejerine [6] coined the term "intermittent claudication of the spinal cord." Three years later Kennedy and colleagues [16] reported on 22 patients who had undergone surgery for lumbar stenosis. In 1925 Parker and Adson [23] reported on compression of the spinal canal and its roots by hypertrophic osteoarthritis and emphasized that a complete laminectomy should be performed to obtain good results. A number of publications regarding surgery for stenosis had been distributed; however, it was in 1949 that Verbiest, [32] a Dutch neurosurgeon, introduced the concept of spinal stenosis and coined the term "stenosis of the vertebral canal," and in 1954 he wrote his landmark paper [31] on this subject, which brought stenosis to the attention of neurological and orthopedic surgeons. Kirkaldy-Willis and colleagues [18, 19] made further contributions to knowledge about the pathology and pathogenesis of lumbar spondylosis and stenosis. Extensive literature on this subject has been published since Verbiest's contribution, the vast majority of which pertains to retrospective studies including a short follow up of patients; the patients' opinions were incorporated into the assessment of outcome in only some of these studies. [11, 12, 14, 27, 34] Lateral recess stenosis was reported in two patients by Schlesinger in 1955, [26] in 12 patients by Epstein, et al., [8] 
As a result of advances in imaging techniques, CT scanning with or without myelography, and MR imaging, there has been a marked increase in the diagnosis of, and subsequent surgery for, lumbar stenosis. [17] The majority of patients with lumbar stenosis should be treated conservatively because the episodes of back and leg pain will improve with time. Furthermore, Katz and coworkers [15] have shown that initial improvement in symptoms worsens over time after decompressive laminectomy.
The Maine study [2] showed that among the 148 patients with lumbar stenosis, the success rate at 1 year for patients who had undergone surgery was substantially better than for those who had nonsurgical treatment. Eighty-one patients were treated surgically and 67 patients were treated nonsurgically. Overall, the success rate was 69% for surgical patients compared with 36% for nonsurgical patients. The authors of the Maine report stated that, although there was a greater chance of improvement after surgery at 1 year, nonsurgically treated patients gradually improved.
As a palliative, epidural steroid injection is of limited value. However, in elderly patients when surgery carries greater risk it may be considered. [24] In the majority of patients who are candidates for decompressive laminectomy, fusion is not indicated unless the patient has significant instability because of disc degeneration and facet collapse. There is no definite evidence that adding fusion improves the success rate. Furthermore, fusion increases the costs of treatment and morbidity and mortality rates. [4, 7] Pappas and Sonntag [22] reported on 206 patients who underwent decompressive laminectomy for lumbar stenosis with a mean follow-up time of 28 months; six patients (2.9%) needed a subsequent operation for fusion. In the present series, of 80 patients with lumbar stenosis who underwent decompressive laminectomy with a mean follow up of 61 months, three patients (3.8%) needed a subsequent operation for fusion.
On reviewing 47 articles, Turner and associates [29] found four studies in which surgery was compared with and without fusion; no advantage for fusion was found in three of those studies. On average, 68% of patients had a satisfactory outcome after fusion but the range was wide (16-95%).
Fischgrund, et al., [9] recently published a report on a prospective randomized 2-year follow-up study of 76 patients who had degenerative lumbar spondylolisthesis with lumbar stenosis. When comparing decompressive laminectomy with and without spinal instrumentation, these authors showed a success rate of 76% in patients in whom instrumentation was placed and a rate of 85% in those in whom no instrumentation was placed (p = 0.45). Successful arthrodesis occurred in 82% of cases that involved instrumentation compared with 45% of cases that did not (p = 0.0015). Overall, successful fusion did not influence patient outcome. The authors concluded that the use of pedicle screws may lead to a higher fusion rate, but not to clinical improvement. Following up that well-conducted study, it is important that the patients be evaluated over the long term to determine whether the clinical improvements shown for both groups at 2 years after the operation will continue.
The Need for Reoperation
In a report by Tuite, et al., [27] 15% of 119 patients who had undergone laminectomy needed repeated surgery; none of these patients required fusion. Jönsson and colleagues [13] found a reoperation rate of 18% within 5 years after surgery. On reviewing articles, Turner and associates [29] found reoperation rates ranging from 0 to 21% (mean 8%), but believed this was likely to be an underestimate because not all repeated surgeries may have been reported. In our series of 170 patients, 11 patients, 6.5% overall (four with lumbar stenosis, five with lumbar stenosis and herniated disc, and two with lateral recess stenosis), required a second operation during the period of study (1-11 years, mean 5.1 years). This included three (3.8%) of 80 patients in the lumbar stenosis group who had undergone decompressive laminectomy and required fusion because of instability of the lumbar spine.
Comorbidities in Patients
In the 86 patients with lumbar stenosis, six patients had coexistent spondylolisthesis and underwent fusion with success in five patients and treatment failure in one patient. One patient with a diagnosis of cardiac problems, one patient with alcoholism, one patient with a bleeding disorder, and one with a history of Guillain-Barré syndrome all did well. The patient who had a history of alcoholism continued to do well but died of pulmonary cancer 39 months after surgery. Three patients, one with diabetes, one with Parkinson's disease and agitated depression, and one with a borderline personality who had attempted suicide, had a failed result.
Among the 61 patients who had lumbar stenosis with herniated disc, four had cardiac problems, of whom one had successful results, and one patient had a successful result at 1 year but required bypass 20 months postoperatively; at the time of the latter evaluation the last case was listed in the unsuccessful category. Two patients who initially had good results died postoperatively, one 4 months after surgery and one 10 months after surgery, from cardiac complications. One patient who had done well after laminectomy died 1 year after surgery for prostate cancer.
Among the 23 patients who had lateral recess stenosis, one patient had undergone a mastectomy 10 years before surgery with no evidence of metastasis and one patient had been successfully treated for Hodgkins' disease. Both have maintained their successful result since surgery.
Success of Surgical Intervention
The success rate of surgical intervention for lumbar stenosis has been reported to range from 26 to 100%. [1] The metaanalysis performed by Turner and associates [29] showed a success rate of 64%. To our knowledge there were seven prospective studies published between 1983 and 1997 (Table 1 ) on a total of 983 patients with an average success rate of 67.8%. The present prospective study of 170 patients with follow up from 1 to 11 years (average 5.1 years) showed the success rate of decompressive laminectomy to be 70.8% for lumbar stenosis, 66.6% for lumbar stenosis and herniated lumbar disc, and 63.6% for lateral recess stenosis. Although improvement was achieved overall in 65% of patients, 88% of patients indicated that, in retrospect, they would still have undergone surgery.
